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Abstract 
 
The relativistic five-quark equations are found in the framework of the dispersion relation 
technique. The solutions of these equations using the method based on the extraction of the 
leading singularities of the amplitudes are obtained. The five-quark amplitudes for the low-
lying pentaquarks including the u, d, s- quarks are calculated. The poles of these amplitudes 
determine the masses of the negative parity pentaquarks with I = 0, 1 and −−= 2523 ,
PJ . The 
mass of the lowest pentaquark with I = 0 and −= 23
PJ  is equal to 1514 MeV. 
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I. Introduction. 
 
Recent observation of an exotic baryon state with positive strangeness, +θ (1540), by 
LEPS collaboration in Spring – 8 [1] and subsequent experiments [2 - 10] has raised great 
interest in hadron physics. This state cannot be an ordinary three-quark baryon since it has 
positive strangeness, and therefore the minimal quark content is sudud . The most striking 
feature of +θ (1540) is that the width is unusually small: Γ < 25 MeV despite the fact that it lies 
about 100 MeV above the NK  threshold. 
The discovery of +θ  has triggered intensive theoretical studies to understand the structure 
of the +θ  [11 - 20]. One of the main issues is to clarify the quantum numbers, especially, the 
spin and the parity, which are key properties to understand the abnormally small width. Recent 
analysis of the +K  scattering from the xenon or deuteron implies even smaller value Γ < 1 
MeV [21 - 23]. The chiral soliton model has predicted the masses and widths of the pentaquark 
baryons with less theoretical ambiguity based on the fSU )3(  flavor algebra [24]. The model 
indicates the width of +θ  around a few ten MeV [25]. In the non-relativistic quark model (A. 
Hosaka et al) [26] found that the negative parity +θ  width becomes very large which is of order 
of several hundreds MeV, while it is about a several tens MeV for the positive parity. By 
assuming additionally diquark correlations, the width is reduced to be of order 10 MeV. 
However the possibility of −= 23
PJ  is not excluded. If +θ  carries −= 23PJ , it decays into 
nucleons and kaons in the D-wave. The phase space suppression factor is ~ 5)/( θmpk ~ 510− , 
where kp  is the decay momentum of kaon. The decay width could be well below ten MeV 
even if the coupling constant KNgθ  is big due to θ  s strong overlap with KN . 
There have been a few theoretical papers on the possible −= 23
PJ  pentaquarks using 
different models. Page et al. suggested I = 2, −−= 2321 ,
PJ  for +θ  to resolve the narrow width 
puzzle [17]. Jaffe and Wilczek discussed the −= 23PJ  assignment for Ξ  pentaquark [27]. The 
mass spectrum of −= 23
PJ  pentaquarks were studied with the perturbative chiral quark model 
[28]. Takeuchi and Shimizu suggested the observed θ  resonance as I = 0, −= 23PJ  *NK  bound 
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state using the quark model [29]. With the flux tube model, Kanada-Enyo et al. studied the 
mass and decay width of the I = 1, −= 23
PJ  pentaquark [30]. Huang et al. proposed +θ  as 
molecular state of πNK  with I = 1, −= 23
PJ  using the chiral )3(SU  quark model [31]. The 
phenomenology of 23=
PJ  pentaquarks such as the mixing scheme and mass pattern was 
discussed in [32]. Pentaquark states with 23=PJ  and I = 0, 1 were studied using currents 
composed of one scalar diquark and one vector diquark [33]. Shi-Lin Zhu investigated the 
possible existence of the spin 3/2 pentaquark states using the finite energy sum rule [34].                    
In our previous paper the relativistic five-quark equations for the family of the θ  
pentaquarks are constructed [35]. The five-quark amplitudes for the low-lying θ  pentaquarks 
are calculated. The poles of these amplitudes determine the masses of the θ  pentaquarks. The 
masses of the constituent u, d, s -quarks coincide with the quark masses of the ordinary baryons 
in our quark model [36]: dum , = 410 MeV, sm = 557 MeV. The model has only three 
parameters. The cut-off parameters +Λ 0 =16.5 and +Λ1 =20.12 are similar to those [37]. The 
gluon coupling constant g =0.456 is fitted by fixing +θ  pentaquark mass m (1540). We 
received the isotensor θ  pentaquarks with ±±= 2321 ,
PJ
 and predict the masses of ++θ ( 0θ ) and 
+++θ  ( −θ ) pentaquarks [35].  
The present paper is devoted to the construction of relativistic five-quark equations for 
the low-lying negative parity pentaquarks, which decay into nucleons and kaons in the D-wave. 
The pentaquarks built with s  quark in D-wave. The five-quark amplitudes for the negative 
parity pentaquarks are constructed. The poles of these amplitudes determine the masses of the 
negative parity pentaquarks with I = 0, 1 and −−= 2523 ,
PJ . The mass of the lowest pentaquark 
with I = 0 and −= 23
PJ
 is equal to 1514 MeV. We use the parameters of the previous paper.   
The paper is organized as follows. After this introduction, we discuss the five-quark 
amplitudes, which contain s - antiquark in the D-wave and four nonstrange quarks (Section 2). 
In section 3, we report our numerical results (Tables I, II) and the last section is devoted to the 
discussion and conclusion. 
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II. Five-quark amplitudes for the negative parity pentaquarks. 
 
We derive the relativistic five-quark equations in the framework of the dispersion relation 
technique. We use only planar diagrams; the other diagrams due to the rules of cN/1  expansion 
[38 - 40] are neglected. 
The current generates a five-quark system. Their successive pair interactions lead to the 
diagrams shown in Figs. 1, 2. The correct equations for the amplitude are obtained by taking 
into account all possible subamplitudes. It corresponds to the division of complete system into 
subsystems smaller number of particles. Then one should represent a five-particle amplitude as 
a sum of ten subamplitudes:  
45353425242315141312 AAAAAAAAAAA +++++++++= .      (1) 
This defines the division of the diagrams into group according to the certain pair interaction of 
particles. The total amplitude can be represented graphically as a sum of diagrams.  
We need to consider only one group of diagrams and the amplitude corresponding to 
them, for example 12A . We shall consider the derivation of the relativistic generalization of the 
Faddeev-Yakubovsky approach for +θ  pentaquark. We shall construct the five-quark 
amplitude of four up quarks and one strange antiquark, in which the pair interactions with the 
quantum numbers of +0  and +1  diquarks are included. The set of diagrams associated with the 
amplitude 12A  can further be broken down into groups corresponding to amplitudes: 
),,,( 341212341 ssssA , ),,,( 351212342 ssssA , ),,,( 342512343 ssssA , ),,,( 352412344 ssssA , 
),,,( 1341312345 ssssA , ),,,( 2342312346 ssssA , ),,,( 2342412347 ssssA  (Fig. 1). The s  is shown by the 
arrow and other lines correspond to the four nonstrange quarks. In the case of the ++θ ( 0θ ) 
pentaquarks we need to use six (Fig. 2) subamplitudes.  
Here iks  is the two-particle subenergy squared, ijks  corresponds to the energy squared of 
particles i j k, ,  , ijkls  is the four-particle subenergy squared and s  is the system total energy 
squared. 
The system of graphical equations are determined by the subamplitudes using the self-
consistent method. If we consider the +θ  state, we use seven subamplitudes (Fig. 1). In the 
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case of the ++θ ( 0θ ) pentaquarks we derive six (Fig. 2) subamplitudes. The coefficients are 
determined by the permutation of quarks [41, 42]. We do not extract the initial four- and three-
particle singularities in the subamplitude ),,,( 341212341 ssssA  because they are weaker than the 
two-particle singularities.  
 In order to represent the subamplitudes ),,,( 341212341 ssssA , ),,,( 351212342 ssssA , 
),,,( 342512343 ssssA , ),,,( 352412344 ssssA , ),,,( 1341312345 ssssA , ),,,( 2342312346 ssssA , 
),,,( 2342412347 ssssA  in the form of a dispersion relation it is necessary to define the amplitudes 
of quark-quark and quark-antiquark interaction )( ikn sb . The pair quarks amplitudes qqqq →  
and qqqq →  are calculated in the framework of the dispersion N/D method with the input 
four-fermion interaction [43- 45] with quantum numbers of the gluon [46]. The regularization 
of the dispersion integral for the D-function is carried out with the cut-off parameters nΛ . 
 The four-quark interaction are considered as an input [46]: 
2)()(2 )())((2)( ssgssqIqgqIqg ssfsf µνµµνµν λγλγλγγλ ++
r
       (2)                             
Here fI  is the unity matrix in the flavor space (u, d), λ  are the color Gell-Mann matrices. 
Dimentional constants of the four-fermion interaction νg , 
)(sgν  and 
)(ssgν  are parameters of the 
model. At νg =
)(sgν =
)(ssgν  the flavor fSU )3(  symmetry occurs. The strange quark violates the 
flavor fSU )3(  symmetry. In order to avoid an additional violation parameters we introduce the 
scale shift of the dimentional parameters [46]: 
)(
2
2
)(
2
2
2
2
4
)( sssss gmgmmgm ννν
πππ
γ =+==        (3)  
2)(
)(4
ki
n
n
mm
ik
+
Λ
=λ , n= 1, 2, 3.        (4) 
Here im  and km  are the quark masses in the intermediate state of the quark loop. 
Dimensionless parameters γ  and nλ  are supposed to be constants which are independent of the 
quark interaction type. The applicability of (Eq. 2) is verified by the success of De Rujula-
Georgi-Glashow quark model [47], where only the short-range part of Breit potential connected 
with the gluon exchange is responsible for the mass splitting in hadron multiplets. 
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 We use the results of our relativistic quark model [46] and write down the pair quarks 
amplitude in the form: 
)(1
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2
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−
=
            (5) 
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iknikn
mm
ik
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ss
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−
= ∫
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' )()()(
2
21
ρ
π
.       (6) 
Here )( ikn sG  are the quark-quark and quark-antiquark vertex functions (Table III). The vertex 
functions are determined by the contribution of the crossing channels. These vertex functions 
satisfy the Fierz relations. The all of these vertex functions are generated from νg , 
)(sgν  and 
)(ssgν . )( ikn sB , )( ikn sρ  are the Chew-Mandelstam function with cut-off nΛ ( 1Λ = 3Λ ) [48] and 
the phase space respectively: 
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The coefficients ),( nJ PCα  and ),( nJ PCβ  are given in Table IV. Here n=1 corresponds to a 
qq -pair with += 0PJ  in the c3  color state, n=2 describes a qq -pair with 
+
= 1PJ  in the c3  
color state and n=3 defines the qq -pairs corresponding to meson with quantum numbers: 
−
= 2PJ . 
 In the case in question the interacting quarks do not produce a bound state, therefore the 
integration in Eqs. (7) - (13) is carried out from the threshold 2)( ki mm +  to the cut-off nΛ . The 
system of integral equations systems, corresponding to Fig. 1 (the meson state with −= 2PJ  
and diquarks with ++= 1,0PJ ) can be described as: 
),,,()1(2),,,()1(2),,,()3(2
),,,()3(2),,,()1,3(2),,,()1,3(3
),,,()1,3(3)](1)][(1[
)()(),,,(
345
'
34123461345
'
34123471125
'
25123461
125
'
15123451
'
134
'
13123452
'
234
'
24123472
'
234
'
23123462
341123
3411231
341212341
ssssAJssssAJssssAJ
ssssAJssssAJssssAJ
ssssAJ
sBsB
sBsB
ssssA
)))
)))
)
+++
++++
++
−−
=
λ
, (7) 
 7 
),,,()2(4
),,,()3(2),,,()3(2),,,()2,3(2
),,,()2,3(6)](1)][(1[
)()(),,,(
345
'
34123461
124
'
24123471124
'
14123451
'
134
'
13123452
'
234
'
23123462
352123
3521232
351212342
ssssAJ
ssssAJssssAJssssAJ
ssssAJ
sBsB
sBsB
ssssA
)
)))
)
+
++++
++
−−
=
λ
, (8) 
),,,()1(8),,,()1,1(6
),,,()1,1(6)](1)][(1[
)()(),,,(
134
'
13123451
'
234
'
24123472
'
234
'
23123462
341251
3412513
342512343
ssssAJssssAJ
ssssAJ
sBsB
sBsB
ssssA
))
)
++
++
−−
=
λ
,   (9) 
),,,()2(8
),,,()2,2(12)](1)][(1[
)()(),,,(
135
'
13123451
'
234
'
23123462
352242
3522424
352412344
ssssAJ
ssssAJ
sBsB
sBsB
ssssA
)
)
+
++
−−
=
λ
,  (10) 
),,,()3(8),,,()3(4)(1
)(),,,( '34'12123413'35'12123423
133
1335
1341312345 ssssAJssssAJ
sB
sB
ssssA
))
++
−
=
λ
, (11) 
),,,()1(2),,,()1(2
),,,()1(2),,,()1(2)(1
)(),,,(
'
24
'
13123423
'
34
'
12123413
'
35
'
24123443
'
25
'
34123433
231
2316
2342312346
ssssAJssssAJ
ssssAJssssAJ
sB
sB
ssssA
))
))
++
+++
−
=
λ
, (12) 
),,,()2(4),,,()2(4)(1
)(),,,( '34'12123413'25'34123433
242
2427
2342412347 ssssAJssssAJ
sB
sB
ssssA
))
++
−
=
λ
, (13) 
were λi  are the current constants. They do not affect the mass spectrum of pentaquarks. We 
introduce the integral operators: 
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here pl,  are equal 1 - 3. Here im  is a quark mass. 
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 In the Eqs. (14) and (16) 1z  is the cosine of the angle between the relative momentum of 
the particles 1 and 2 in the intermediate state and the momentum of the particle 3 in the final 
state, taken in the c.m. of particles 1 and 2. In the Eq. (16) z  is the cosine of the angle between 
the momenta of the particles 3 and 4 in the final state, taken in the c.m. of particles 1 and 2. 2z  
is the cosine of the angle between the relative momentum of particles 1 and 2 in the 
intermediate state and the momentum of the particle 4 in the final state, is taken in the c.m. of 
particles 1 and 2. In the Eq. (15): 3z  is the cosine of the angle between relative momentum of 
particles 1 and 2 in the intermediate state and the relative momentum of particles 3 and 4 in the 
intermediate state, taken in the c.m. of particles 1 and 2. 4z  is the cosine of the angle between 
the relative momentum of the particles 3 and 4 in the intermediate state and that of the 
momentum of the particle 1 in the intermediate state, taken in the c.m. of particles 3, 4. 
 We can pass from the integration over the cosines of the angles to the integration over the 
subenergies. 
 Let us extract two-particle singularities in the amplitudes ),,,( 341212341 ssssA , 
),,,( 351212342 ssssA , ),,,( 342512343 ssssA , ),,,( 352412344 ssssA , ),,,( 1341312345 ssssA , 
),,,( 2342312346 ssssA , ),,,( 2342412347 ssssA : 
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We do not extract three- and four-particle singularities, because they are weaker than 
two-particle singularities. 
 We used the classification of singularities, which was proposed in paper [49]. The 
construction of approximate solution of Eqs. (7) - (13) is based on the extraction of the leading 
singularities of the amplitudes. The main singularities in 2)( kiik mms +≈  are from pair 
rescattering of the particles i and k. First of all there are threshold square-root singularities. 
Also possible are pole singularities which correspond to the bound states.   The diagrams of 
Fig. 1 apart from two-particle singularities have the triangular singularities, the singularities 
defining the interaction of four and five particles. Such classification allows us to search the 
corresponding solution of Eqs. (7) - (13) by taking into account some definite number of 
leading singularities and neglecting all the weaker ones. We consider the approximation which 
defines two-particle, triangle, four- and five-particle singularities. The functions 
),,,( 341212341 ssssα , ),,,( 351212342 ssssα , ),,,( 342512343 ssssα , ),,,( 352412344 ssssα , 
),,,( 1341312345 ssssα , ),,,( 2342312346 ssssα , ),,,( 2342412347 ssssα  are   smooth functions of sik , 
sijk , ijkls , s  as compared with the singular part of the amplitudes, hence they can be expanded 
in a series in the singularity point and only the first term of this series should be employed 
further. Using this classification one define the reduced amplitudes 1α , 2α , 3α , 4α , 5α , 6α , 
7α  as well as the B-functions in the middle point of the physical region of Dalitz-plot at the 
point s0 : 
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The approximation (Eq. 24) take into account the definition of two-particle subenergy squared             
2)( kiik pps += , the three-particle energy squared   2)( kjiijk ppps ++= , the four-particle 
subenergy squared  2)( lkjiijkl pppps +++=  and the system total energy squared 
2)( mlkji ppppps ++++= , here mlkji ppppp ,,,,  are the particle momenta. We shall 
assume that the dimensionless parameter s0  is constant and independent of the type of 
interacting quarks. 
 Such a choice of point s0  allows one to replace the integral Eqs. (7) - (13) (Fig. 1) by 
the algebraic equations (25) - (31) respectively: 
)1,1(2)2,1(2
)1,3(2)3,3(2)3,1,3(2)2,1,3(3)1,1,3(3
1617
161525272611
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JJJJJ
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++
++++++=
,  (25) 
)1,2(4)2,3(2)3,3(2)3,2,3(2)1,2,3(6 161715252622 JJJJJ αααααλα +++++= ,  (26) 
)3,1(8)2,1,1(6)1,1,1(6 15272633 JJJ αααλα +++= ,       (27) 
)3,2(8)1,2,2(12 152644 JJ ααλα ++= ,         (28) 
)1,3,3(8)2,3,3(4 313255 JJ ααλα ++= ,         (29) 
)3,2,1(2)3,1,1(2)2,2,1(2)1,1,1(2 3231343366 JJJJ ααααλα ++++= ,    (30) 
)3,1,2(4)1,1,2(4 313377 JJ ααλα ++= ,         (31) 
We use the functions ),(1 plJ , ),,(2 rplJ , ),,(3 rplJ  ( rpl ,, = 1, 2, 3): 
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The other choices of point s0  do not change essentially the contributions of 1α , 2α , 3α , 4α , 
5α , 6α , 7α , therefore we omit the indexes 
iks0 . Since the vertex functions depend only slightly 
on energy it is possible to treat them as constants in our approximation. 
 The solutions of the system of equations are considered as: 
  )(/),()( sDsFs iii λα = , (35) 
where zeros of )(sD  determinants define the masses of bound states of pentaquark baryons. 
),( ii sF λ  are the functions of s  and iλ . The functions ),( ii sF λ  determine the contributions of 
subamplitudes to the pentaquark baryon amplitude. 
 
 
III. Calculation results. 
 
The poles of the reduced amplitudes 1α , 2α , 3α , 4α , 5α , 6α , 7α  correspond to the 
bound states and determine the masses of +θ  pentaquarks (Fig. 1). If we consider the ++θ  ( 0θ ) 
(Fig. 2), we also must take into account the interaction of the quarks in the +0  and +1  states. 
The quark masses of model dum , = 410 MeV and sm = 557 MeV coincide with the quark 
masses of the ordinary baryons in our model [36]. The model in consideration has not new 
parameters as compared to previous paper [35]. The dimensionless parameter g = 0.456 is 
determined by fixing of +θ  pentaquark mass (1540 MeV). The cut-off parameters coincide 
with those in paper [37]: +Λ0 = 16.5 and  +Λ1 = 20.12 for the diquarks with 
+0  and +1  
respectively. The cut-off parameter for the mesons is equal to Λ= 16.5. The masses of +θ  and 
++θ pentaquarks with the quantum number I = 0, 1 and −−= 2523 ,PJ  are predicted (Table I). The 
mass of the lowest pentaquark with I = 0 and −= 23
PJ  is calculated. It is equal to 1514 MeV. 
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We predict the degeneracy ++θ  states with I = 1 and −−= 2523 ,PJ . We calculated the 
contributions of the subamplitudes to the amplitude +θ  (Table II). 
 
 
IV. Conclusion. 
 
In strongly bound system of light quarks such as the baryons where mp / ~1, the 
approximation of non-relativistic kinematics and dynamics is not justified. In our relativistic 
five-quark model (Faddeev-Yakubovsky - type approach) the masses of θ  pentaquarks are 
calculated. The mass of lowest negative parity pentaquark is equal to 1514 MeV. Capstick, 
Page and Roberts [17] proposed the isotensor resonance with −−−= 252321 ,,PJ , decaying to 
K+n. We consider the lowest pentaquark with I = 0 and −= 23
PJ , decaying to pKS
0
. 
But the similar result can be obtained for the decay to nK +  if we take into account the 
isotopic symmetry. The +θ  strong overlap with pK S0  is equal to 0.17. If +θ  carries 
−
= 2
3PJ , it 
decays into nucleon and kaon in the D-wave. The phase space suppression factor is about 510− , 
therefore the decay width could be well below ten MeV. [ZEUS Collaboration] [50] reported 
about new +θ  pentaquark  in the  pK S0  channel  with mass 1520± 4 MeV. This result is very 
close to our calculations. 
The interesting research is the consideration of the isotensor Qqqqq  states with q  an up 
or down quark and Q  a heavy quark ( bcQ ,= ). Their decay to )( QqN  also violates isospin 
conservation. It is similar to the case of θ  pentaquarks. 
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Figure captions. 
 
Fig. 1. Graphic representation of the equations for the five-quark subamplitudes kA  ( k =1-7) 
corresponding to the +θ  pentaquark. 
Fig. 2. Graphic representation of the equations for the five-quark subamplitudes kA  ( k =1-6) 
corresponding to the ++θ ( 0θ ) pentaquark. 
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Table I. Low-lying pentaquark masses (MeV). 
PJ  +θ ( sudud ), Mass, MeV ++θ ( suuud ), Mass, MeV 
−
2
3
 
1514 1550 
−
2
5
 
1600 1550 
Parameters of model: quark mass dum ,  = 410 MeV, sm  = 557 MeV; 
cut-off parameter +Λ0 =16.5, +Λ1 =20.12; gluon coupling constant g =0.456. 
 
 
Table II. The contributions of subamplitudes to the +θ  ( PJ = −23 ) amplitude in %. 
)0()2( +− qDM =12.08 
)1()2( +− qDM =11.91 
)0()0( ++ DqD =7.66 
)1()1( ++ DqD =30.89 
qqqqq =37.46 
 
 
Table III. Vertex functions 
J PC  2nG  
+0   (n=1) )3/()(23/4 2 ikki smmgg +−  
+1   (n=2) 2g/3 
−2  (n=3) 3/4g  
 
 
Table IV. Coefficient of Chew-Mandelstam functions for n = 3 (meson state) 
and diquarks n = 1 ( += 0PJ ), n = 2 ( += 1PJ ). 
J PC  n ),( nJ PCα  ),( nJ PCβ  
−2  3 4/7 -1/14-3e/7 
+0  1 1/2 -e/2 
+1  2 1/3 1/6-e/3 
e m m m mi k i k= − +( ) / ( )2 2  
 15 
References. 
 
1. T. Nakano et al. [LEPS Collaboration], Phys. Rev. Lett. 91 (2003) 012002. 
2. V.V. Barmin et al. [DIANA Collaboration], Phys. Atom. Nucl. 66 (2003) 1715. 
3. S. Stepanyan et al. [CLAS Collaboration], Phys. Rev. Lett. 91 (2003) 252001. 
4. J. Barth et al. [SAPHIR Collaboration], Phys. Lett. B572 (2003) 127. 
5. A.E. Asratyan, A.G. Dovgalenko and M.A. Kurbanstev, Phys. Atom. Nucl.                  
67 (2004) 682. 
6. A. Airapetian et al.  [HERMES Collaboration], Phys. Lett. B585 (2004) 213. 
7. A. Aleev et al. [SVD Collaboration], hep-ex/0401024. 
8. M. Abdel-Bary et al. [COSY-TOF Collaboration], Phys. Lett. B595 (2004) 127. 
9. P. Zh. Aslanyan et al. hep-ex/0403044. 
10. S. Chekanov et al. [ZEUS Collaboration], Phys. Lett. B591 (2004) 7. 
11. R.L. Jaffe and F. Wilczek. Phys. Rev. Lett. 91 (2003) 232003. 
12. M. Karliner and H.J. Lipkin. Phys. Lett. B575 (2003) 249. 
13. S. Sasaki. Phys. Rev. Lett. 93 (2004) 152001. 
14. F. Csicor, Z. Fodor, S.D. Katz and T.G.Kovacs. JHEP. 11 (2003) 070. 
15. Shi-Lin Zhu. Phys. Rev. Lett. 91 (2003) 232002. 
16. C.E. Carlson, C.D. Carone, H.J. Kwee and V. Nazaryan. Phys. Lett. B573 (2003) 101. 
17. S. Capstick, P.R. Page and W. Roberts. Phys. Lett. B570 (2003) 185. 
18. B. Jennings and K. Maltman. hep-ph/0308286. 
19. A. Hosaka. Phys. Lett. B571 (2003) 55. 
20. S.M. Gerasyuta and V.I. Kochkin. Int. J. Mod. Phys. E12 (2003) 793. 
21. R.N. Cahn and G.H. Trilling. Phys. ReV. D69 (2004) 011501. 
22. A. Sibirtsev, J. Haidenbauer, S. Krewald and U.G. Meissner. hep-ph/0405099. 
23. R.L. Jaffe and A. Jain. hep-ph/0408046. 
24. D. Diakonov, V. Petrov and M.V. Polyakov. Z. Phys. A3359 (1997) 305. 
25. R.L. Jaffe. Eur. Phys. J. C35 (2004) 221. 
26. A. Hosaka, M. Oka and  T. Shimozaki. hep-ph/0409102. 
27. R. Jaffe and F. Wilczek. Phys. ReV. D69 (2004) 114017. 
 16 
28. T. Inoue et al. hep-ph/0407305. 
29. S. Takeuchi and K. Shimizu. hep-ph/0410286. 
30. Y. Kanada-Enyo et al. hep-ph/0404144. 
31. F. Huang et al. hep-ph/0411222. 
32. T. Hyodo and A. Hosaka. hep-ph/0502093. 
33. T. Nishikawa, Y. Kanada-Enyo, Y. Kondo, O. Morimatsu. hep-ph/0411224. 
34. W. Wei, P-Z. Huang, H.-X. Chen, S.-L. Zhu. hep-ph/0503166. 
35. S.M. Gerasyuta, I.V. Kochkin, Phys. Rev. D 71 (2005) 076009. 
36. S.M. Gerasyuta, Z. Phys. C60 (1993) 683. 
37. S.M. Gerasyuta and V.I. Kochkin. hep-ph/0310225. 
38. G.t’ Hooft, Nucl. Phys. B72 (1974) 461. 
39. G. Veneziano, Nucl. Phys. B117 (1976) 519. 
40. E. Witten, Nucl. Phys. B160 (1979) 57. 
41. O.A. Yakubovsky. Sov. J. Nucl. Phys. 5 (1967) 1312. 
42. S.P. Merkuriev, L.D. Faddeev. Quantum scattering theory for system of few particles. 
(Nauka, Moscow, 1985) 398pp. 
43. Y. Nambu and G. Jona-Lasinio. Phys. Rev. 122 (1961) 365, 124 (1961) 246. 
44. T. Appelqvist and J.D. Bjorken. Phys. Rev. D4 (1971) 3726. 
45. C.C. Chiang, C.B. Chiu, E.C.G. Sudarshan, X. Tata. Phys. Rev. D25 (1982) 1136. 
46. V.V. Anisovich, S.M. Gerasyuta and A.V. Sarantsev. Int. J. Mod. Phys. A6 (1991) 625. 
47. A. De Rujula, H. Georgi and S.L. Glashow. Phys. Rev. D12 (1975) 147. 
48. C.F. Chew and S. Mandelstam, Phys. Rev. 119 (1960) 467. 
49. V.V. Anisovich, A.A. Anselm. Usp. Phys. Nauk. 88 (1966) 287.  
50. Zhanhai Ren.  [ZEUS Collaboration], DIS05, Workshop, April 2005. 
51. S.M. Gerasyuta and V.I. Kochkin, Z. Phys. C74 (1997) 325. 
52. S.M. Gerasyuta and V.I. Kochkin, Sov. J. Nucl. Phys. 61 (1998) 1504. 
       
36
3=
=
+
+
+ +
+
+
+
+
+
+
+
+
+
+2
2
2
2
2
4
22
2
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s-1 s -1 s -1 s
-1 s
-1 s -1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u 5 u
5 u
5 u
5 u
5 u
5 u
5 u 5 u
5 u
5 u
5 u
5 u
5 u
5 u5 u
5 u
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
4 d
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u 3 u
3 u
3 u3 u 3 u 3 u
3 u 3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d 2 d
2 d
2 d 2 d
2 d 2 d
2 d
2 d 2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
0+
2-
2- 2- 2-
2-
2- 2
-
2- 2-
2-
2-
2-
2-
2-
2-
2-
2- 2
-
2-
2-
2-
2-
2-2-
2-
2-
2-
2-
2-
2-
2-
0+
0+
0+
0+
0+
0+
0+
0+0+ 0+ 0+
0+
0+
0+ 0+
0+
0+
0+ 0+
0+ 0+
0+
0+
0+ 0+ 0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
0+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+ 1+
1+
1+ 1+1+1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
0+
6 6
12
4 8
2
4
2 22
4
=
=
=
=
=
+ +
+
+ +
+ +
+
+
+
+
8
8
Fig.1
63 3
=
=
+
+ +
+
+
+
+
+
+
+
+
+ +
2
2
2
2
4
2 2
2
2
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s -1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s-1 s -1 s
-1 s
-1 s
-1 s -1 s
-1 s -1 s
-1 s
-1 s
-1 s
-1 s -1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s
-1 s -1 s
5 u
5 u
5 u
5 u
5 u
5 u
5 u 5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u 5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
5 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u 4 u
4 u
4 u 4 u
4 u
4 u
4 u
4 u
4 u
4 u 4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u
4 u 4 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u 3 u
3 u3 u 3 u
3 u
3 u 3 u 3 u
3 u
3 u
3 u
3 u
3 u
3 u 3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u
3 u 3 u
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d 2 d
2 d 2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
2 d
0+
0+
0+
0+
0+
0+
0+0+ 0+
0+
0+ 0+
0+
0+
0+
0+ 0+
0+
0+
0+
0+
0+
0+ 0+
0+
0+
0+
0+
0+0+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+
1+ 1+1+1+
1+ 1+
1+
1+ 1+
6 6
8 4
4
4 2 2
22
=
=
=
=
+ + +
+ +
+ +
+
+ + +
4 4
Fig.2
2-
2-
2- 2
-
2-
2-
2-
2- 2-
2- 2-
2-
2-2-
2-
2-
2-2
-
2-
2-
2- 2-
2-
2-
2-
2-2-2
-
2- 2-
2-2-
